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The Removal of 234Th from NaCl solution

S. Lilley and M. Omari
University of Oxford

1. INTRODUCTION

Working with thorium in solurion, especially at higher pH values, can posc
many problems du¢ 1o the thoriul precipitating and plating out. As well as
investigating the cffectiveness of various methods of removing thoriom trom NaCl
solution, we gained an insight into the behaviour of thorium at these pil levels. This
report is the 1esult of a four week undcrfraduatc projcet undertuken by S. Lilley under
thc supervision of M. Omari and E. W, Hooper.

2, EXPERIMENTAL PROCEDURE

“In all our solutions we used ¢34Th solution as a iracer in NaCl. To obtain a
meanre of the concentratlon of thorium present, a Ge-Li gamma detector was used to
give the counts in 1000s of the 92.6keV line in the thorium spectrum. The standard
measure used throughout the project was counts per 1000s per S0mil,

For each experitient, a solution of thorium was prepared from uranyl nitrate by
first ciher extraction! and then dissolving in ©M HCI and passing through an ion-anion
exchange column. The effluent was then brought to the required pH by the addition of
NaOIl. At 1his stage, high-purity NaCl was added as requircd by the particular
experiment, and the solution left 10 equilibrate overnight.

To treat samples of this solutton with & given adsuiber, the solution was
uansferred to a glass flask and the adsorber added. This was then placed in a
reciprocating shaker bath for 1 honr at 25°C and at a shaking speed constam for all
experiments. Further procedures were specific for given experiments.

2.1  Expcriment 1 '

Using 250ml of solution at pH7 with n NaCl concentration of 5.2% (by weight)
and a specific activity (SA) of 13660 ke-!, five SUmI samples were treated as above:
four with different adsorbers (Fe(OH)1, Sb»0s, HTIiO and MnO;) at 100ppm (metal
ion concentration, by weight) and one left as a control. After thig, cach sample was
centrifuged for 3 minutes and the supernate transferred to a S0ml polysiyrene vesse)
and counted. The vontol was also counted before centrifuging.

2.2  TFxperiment 2

Using 200m! of solution at pH7 with Swi% NuCl and a specific activity of
34000 ks*!, 100m! was treated with HTiO at 100ppm Ti and 100l was treated as a
contral "The conirol was passed through an Amicon ulrrafilration rig resulting in 50l
of peitcate being collected together with 50ml of concentrate. Both thesc were
counted. The rig was then rinsed using 0.1M HCl and deionised water. A 30m! sample
of the rinsc water permeaied through the filter was counted W give an idea of the
background. The procedure was the repeated with the Ti treated solution.

2.3  Experinment 3

Using solution at pl17 with 5.5% NaCl and a SA of 23000 ks-!, exp. 2 was
repeated but using the Carbosep UK rig inctead of the Amicon. In addition, this rig was
¢leancd with 3M HNOj and before cach run, a dummy solution of Swt% NaCl was
filtered, collected and counted for the background.

2.4 Experiment 4

A one litre solution was made up at pl47 with Swi% NaCl and a total activity of
around 140000 ks-1. This was then filtercd using a funnel with a plass fibre plug. The
plug was soaked in conc. HCI which was then diluted to 50m! and counted.

The solution was then passed through the Carbosep UK rig, having connted
S0mi which was returned. 18x50mi samples of permeate were vollected in order to
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obscrve a saturation curve for the filter. The remaining 100m! of concentrate was also
counted.

2.5 Experiment §

‘T'wo old solutions of simtlar activity, pH7 and 10wi% NaCl were recounted.
They were then both filicred using Nalgene syringe microfilters with a pore size of
0.2)im, and the permeates counted. "The second solution was refiliered with 4 Clean
filter and counted. In addition, one empty bottle was filled with deionised water and
counted. o

2.6 Experiment 6

Using 150ml of solution at pH7, Swt% NaCl and SA of 40000 ks-], three Stiml
samples were treated a< for the adsorbers except two samples had different sized pieces
of the Carboscp wieinbranc placed in them and onc was treated as a control. After the
one hour contact time, the solutions were decanted into bottles and counted.

tor this and further experiments, precautions wese laken to keep the level of
dust and fibres in the solutions s low ns possible. This was achieved using glass fibre
fillers at all stages before neutralisatinn,

2.7 Experiment 7

1sefore ncutralising the thorium in HCL. the solution was passed through the jon
exchange column a further two times, in order to significandy reduce the level of
residual uranium. The acid was then hrought 10 pHS. A samplc of this solution was
removed and the rest was brought o pli7.

50ml samplcs of these two solutions were then counted, microfiltered as in exp.
S, and recounted.

2.8 LExperiment 8

Using the pH7 solution mentioned in cxp. 7, three S0ml samples were luken,
Onc was treated with a picee of Nalgenc microfilter element, one with a piece of
activated charcoal and the other &s a control, using the shaker bath for 1 hour. The
counts before and afler were taken.

2.9 Experiment 9

Using samplcs prepared from the solutions mentioned in exp.7, the following
adsorbtion tests were made, with appropriate controls. At pHS: HTiO at 10.40 and
100ppm Ti. At 10ppmTi; pli 3,4,5 and 6. To do these, the samples were treated as in
exp. 1, but ufter centrifuging, the supernatant liquor was microfiﬁered (0.21im). For the
run at pHe, the solution used was the permeate from & microfiltered solution.

3. RESULTS

The standard measure for the effectivencss of an adsarber is the
decontamination factor (DF). This is defined as,

DI = (24Th activity before process)=(#*1Th activity afier process)
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The activity before was taken as the activity of the conirol, unless otherwise
siated. Another measure uscd was the relative adsorbtion, or the fraction of the total
activity adsorbed. This is simply 1-(D[1).

%.1 Experiment 1

SA (ke DF(Typical error ~15%)

Fecd Solution 136060 -
Contro} before centrifuging 12300 .
Control after centrifuging 7150 -
Adsuibers; Sb 133 53

Ti 112 63
¢100ppm) Fe 60 119

Mn 134 53

3.2  Experiment 2
(Buckground = ~30ks-! for both nuns)

Coontrol (figures are total activity),

—
65000 —— \;} ~=>1055
(100my T (S0m1)

8928 DF (feed/control) = ~30

(50m1l)
T 100ppm;

e "
68000 - =% S~ 2743
36167

3.3 Expcriment 3

(Background =~5 ks'1)

Control;
A6000 ——?f“‘f/lt——»y 275
14603 DF(feed/control) = ~80
Ti @ 100ppm
| 46000 - - - Y TS~ > <5

18411 DF(contuol/permeate)— >4600
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3.4 Experimeni 4
Activity on plug filter = ~65000 ks (therefore a DI of ~2)

The samples of permeate (all 18) registered at around the background level of
10ks 1. The total activiry ot the concentrate was found 10 be 10000ks 1. 50000ks Y was
recovered from the micmbrane upon rinsing with conc. HNOs.

3.5 Expcriment §

(Figures given are actvities in ks )
1st. solution;

16000 ———— ufilter ——— 500

i
U

700 (Empty bottle) DF =-~30
2nd solution,
19358 —— pufiler —— 610 — whler ——— 556

DEF = ~30

3.6 Expcriment 6

Feed Soln... ~40000ks?  (All at 6% NeCl)

Connol 30732k} _
Small portion 36300ks! ) No appreciable reduction given : =
Large portion 36100ks-! ) the experimental error of ~5%. ‘

2.7 Lxperiment 7

pHS, 30800ks! ——— pFilter —— 30380ks-!
(10% NaCl)
feed penncaic
pH7; 19156ks) ———3  jililter ———3  740ks™! DF = ~25

(6% NaCh

3.8 Lapcriment 8

Feed Solution 19156ks-!
Control 17415ks !
Filicr Membrane 18647ks
Charcoal 17266ks 1 (All counts +/- 1.58%)
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18834ks!
5268ks!

195ks!
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3.9 Experiment 9
Measured SA¢;-
pl13 run; 50m} feed................
Control permeate.......
Ti @ 100pym perm....
pH4 run; ~Same fced as pH3 run:
Ti @ 100ppm perm.....
(no control, assumed ~18800ks-")
pH6 mn;

16447kst = pfilter ——>13631ks ! —» Ti @ 100ppm,pfilter ——, 133ks!

50m} 50ml
(Teken as control)
pHS run;
(a) Feedonnnn 30700ks!
Control....... 27163ks”!
Ti @ 10ppm.....710ks"1
(b)  Feed........... ~16000ks!
Controlonnnin 14045ks}
Ti @100ppm....... 68ks-!
Ti @ 40ppm....... 208ks-!
Conditions NDE - (Allat 10wt% NaCl)
pll15 100ppm Th 215
) 40ppm N 49
10ppm Ti 38
pH3  ¥ippm Ti 3.6
pH4 " 97
pHS " 215
pHG* " 103

(Sce graphs on following page)

Stml
(Teken as permeate)

*The value for the control activity used here was that of the feed solution as Lhere was

insnfficient solurion for a separdte conirol.

R30s

P.23
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4. ANALYSIS

From cxperiment 1, it was apparent that Fe(Ol1); was the best adsorber for
thorium, but HTiO was chosen for further investigation. due 1o its cffectiveness in
sorbing radium and problems with inuoducing Fe into the water system. The result
from exp. 3 using the Amicon filter was somewhat spurious, later to be explained when
cleaning the system. A large amount of activity was found on the prefilicr, some of
whicl may have been relcascd during the backwashing procedure.

"The large DFs obtained by just filtering the feed solution (exp 4) may be
explained either by the membranc adsoibing the thorium itself, or somcthing being
filtcred out with the thorium attached to it. Experiments 5 and 6 suggested that the
membrancs were not adsorhing the thorium and, indced. there was somcethiny in
solution.

The olternatives were either that there were fibres or vranium precipirate in
solution which adsorbed most thorlum and were later filiered out or that the thorium
itsell formed large complexcs that were filiered out. When the fibre and dust content
was reduced and the uraninm concentration 1aken down, therc was no change in DF
(Exp. 7) suggesting that there was suviue large thorium complexcs present. At pITS
cvidence suggested that these large complexes were not present. Maore evidence for this
theory was pravided in the results for experiment 8.

‘The DFs at varying pIT obtained in cxperiment 9 can perhaps be expluined by
the combination of two factors; the lowering of adsorber efticiency and the increase in
colloidal particle size with rising pH. It would be interesting o 1epeat this experiment
with a smaller pore sizc filter such as the Corbosep UF rig. Unformnately, time ran out
before this could be realised.

Outside saturation levely, the 1elaiive adsorbtion cught to be fairly linear with
adsorber concentration, which appears to be the case. Of course in saturation levels, it
is also linear, hut with # much higher slope. To find the cutoff for sawratlon. more
results need to Le vbiained for low levels of Ti. It appcars from the graph that the
highest DF values at pHS will be for Ti concentrations of around 130ppm. A
cuggestion would also be to try at other contact times apart from 1 hour in order o pet
the 'full picture’.

April 1992
S. Lilley, University of Oxford
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